Sedimentation occupies the storage capacity of reservoirs and reduces the amount of available surface water resource. The countermeasure to the sedimentation is required especially in arid land where the land erosion is very severe due to low vegetation in the catchment area, and even fine particles are deposited because of the low water rotation of the reservoirs under the climatic condition of clear difference between rainy season and drought season. However, it has not been carried out because the conventional technologies against the sedimentation, such as dredging or bypass for sediment inflow, are quite costly.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
The capacity loss of surface water resources by sedimentation in North African countries reaches 0.5% of total storage capacity in Morocco, 0.5% in Algeria, and 1.0% in Tunisia per year respectively 1) . Solutions to the sedimentation are indispensable to these arid land countries which face serious shortage of water. However, the solutions such as dredging and construction of flood water bypass have not been carried out because they are quite costly.
In case of Tunisia, although the problem of capacity loss due to sedimentation have been reported from long time ago 2), 3) , according to the hearing from the Direction Générale des Barrages et des Grands Travaux Hydrauliques (DGBG/TH) in the Ministry of Agriculture of Tunisia, which manage all the reservoirs in Tunisia, dredging or other countermeasures have never been done due to the economical reason.
The authors have proposed the exploitation and valorization of the sediment. It will financially assist the cost of dredging or other countermeasure to the sedimentation 4) . One of the proposed exploitation ways is producing construction bricks. The exploitation of reservoir sediment as the material for construction bricks has already been studied in former researches from the point of view of physical property 5), 6) . However, the exploitation of sediment for brick production is not common practically, for example, in Japan.
One of the constraints of the brick production with reservoir sediment is economical feasibility 7) , 8) . In case of Japan, the market of burned construction bricks is not so large because the houses and buildings are constructed with wood material or reinforced concrete. On the other hand, Mediterranean European countries and North African countries such as Tunisia have the big market of burned bricks of which all the buildings consist. In fact, the evaluation of several kinds of industrial waste for the brick production were tried 9), 10) , while the trial with reservoir sediment has not been carried out yet.
There is the study about the exploitation of the sediment from small agricultural irrigation pond for sealing old dikes in Japan. The sediment has high water content and liquidity. Additive fixation material such as cement is required before the transportation. However the cost of the cement is very expensive. Trial use of bamboo tips instead of the cement was examined in the study 11) . The mixed material performed good fixation and enough strength for reinforcing dike body. The approach of the study indicates that cost evaluation through all processes is indispensable for this kind of practice.
In this study, firstly the authors visited the factory of burned bricks in Tunisia in order to hear about the process from resource supply to shipment and detail cost of the production. Then sediment samples were taken from the reservoirs in Tunisia and the burned slates made from the sediment with the same procedure were produced. Three point flexural tests were performed with them.
MATERIAL MATERIAL MATERIAL MATERIAL AND AND AND AND METHODS METHODS METHODS METHODS
(1) (1) (1) (1) Interview Interview Interview Interview to to to to the the the the brick brick brick brick factory factory factory factory in in in in Tunisia Tunisia Tunisia Tunisia
The interview was made on 5 September 2011 to the brick factory locates at Nebeul. The interview was focused on the the cost of all the procedures.
a) Transportation and preparation of the materials
The clay soil as a raw material for making brick is transported by tracks from the resource site which is about 6 km form the factory. It costs about 2.5 DT (Tunisian Dinar) per cubic meter for the transportation of the materials. When the cost of clay soil, the cost for restoration of the extracted area and miscellaneous are included, the total cost necessary for the excavation and the preparation of the materials is counted at 10 DT per cubic meter. The amount of clay soil that a track can carry in one day is about 800 cubic meters (1,000 tones). The clay soil is dried up about 6 month for the evaporation in order to reduce the water contains from 40% to 25%.
b) Production cost
The 9 kg of clay soil is transformed into 6 kg of bricks. The capacity of production of the factory is 40 thousand bricks per day. The factory produces 100 bricks by 1 cubic meter of clay soil. They produce bricks for ceilings and for walls. The price of a brick for ceilings is 0.55 DT while it is 0.32 DT for walls. The total cost required for producing one brick is 0.25 DT. The old dam filled with sediments locates 30 km from the factory. According to the manager of the factory, the distance from the dam and thus the cost of transportation of sediments is crucial if sediments are introduce as raw materials for making bricks.
(2) (2) (2) (2) Model Model Model Model of of of of the the the the necessary necessary necessary necessary condition condition condition condition for for for for the the the the introducing introducing introducing introducing sediments sediments sediments sediments This part discusses a necessary condition for introducing sediments as a raw material for making bricks. Let us assume that the production function is constant returns to scale (CRTS). The profit for using 1 m 3 of clay soil in the real case, π 1, could be expressed as follows: ) (
where p denotes the real unit price of a brick, Q is the number of brick produced by 1 m 3 of clay soil, C is the rest cost, t is the cost of transfer for the distance of 1 km, D1 is distance between the factory and the clay resource site, and E1 is the cost of extraction.
In the case of using sediments, we assume that the production of brick and the rest of cost are same as the real case. The cost for drying sediment before transportation is neglected because it is expected that it can be done just by dumping for few days under the drought condition in this area. It is also assumed subsidization is provided by the government and there is a price premium if a factory uses sediments for making bricks. The profit if the firm uses sediments, π2, can be expressed as follows:
where π2 denotes a profit by using 1 m 3 of clay soil, Δp is the price premium , D2 is distance between the factory and the dam where sediments are dredged and extracted, E2 is the cost for dredging sediments, and S denotes the subsidization by the government.
Give the assumptions above, the condition for a rational behavior of factory for introducing sediments as a raw material for bricks is as follows:
This condition suggests that the incremental part of the costs for using sediments should be compensated by the price premium or by the subsidization. 4) and June 2011 in the other 3dams. The collected samples were packed into plastic bags in the field, then brought to Japan. The depth of sampling location is about 8-20 meters.
In the laboratory, moisture and ignition loss (IL) determined by the following procedure were measured. Dried sample at 105°C for 24 h was weighed first. Then it was placed in a muffle furnace at 750°C for 1 h.
Particle size of the sediment samples were also measured. Small amount of the sample was put into water and dispersed with supersonic wave. Particle size was measured Laser diffraction particle size analyzer (SALD3000, SHIMADZU, Japan).
Bulk density was measured with the undisturbed sample (length:15-30cm, diameter:4cm) taken by the core-sampler. The core samples were divided to every 10cm and packed in to plastic bottles. In the laboratory, the weight of each sample was measured after drying at 105°C for 24 hours.
(3) (3) (3) (3) Producing Producing Producing
Producing the the the the experimental experimental experimental experimental slate slate slate slate with with with with the the the the procedure procedure procedure procedure of of of of the the the the brick brick brick brick production production production production In the brick factory, the clay soil excavated from field, which has around 40 % of water content, is air-dried. And then, it is mixed with sand (ratio of sand:clay=1:3, dry weight basis). The water content of the sand&clay mixture is controlled to 20 % before molding. The mixtures were well kneaded and molded. After the molding, the bricks are dried at 160°C for 3h in a oven, then burned at 845°C for 2h. In our laboratory, basically the above procedure was followed without any alteration to the existing process lines, but the sand used for producing the experimental slate was silica sand which can be found in the market in Japan. The experimental slates were made from the sediment and the clay used in the factory, mixing with the silica sand. Therefore, the comparative discussion is available in the following bending flexural test.
The size of experimental slates was 50x50x10 (mm). The slates were carved into small test pieces (5x5x45mm) for bending flexural test. Fig. Fig. Fig. Fig. 3 3 3 3 is the picture of the slates and the test pieces.
(4) (4) (4) (4) Three Three Three Three point point point point bending bending bending bending flexural flexural flexural flexural test test test test
The three point bending flexural test (AGS-1kNX, SHIMADZU) provides values for the modulus of elasticity in bending. Fig.4 Fig.4 Fig.4 Fig.4 is the diagram of the test. Load (P) was gradually increased until the fracture of the test piece and the load and the strain were Fig. Fig. Fig. 3 3 3 (with (with the the the the clay clay clay clay of 
Where σf is Tensile stress in outer surface at midpoint(MPa), P is load at a given point on the load deflection curve (N), L is Support span :30 (mm), b is Width of test piece (mm), d is Depth of tested piece (mm). The strength of the test pieces were evaluated with the σf when the piece was fractured. 5 replicates were done for each clay. (1) (1) (1) (1) Economical Economical Economical Economical overview overview overview overview of of of of brick brick brick brick production production production production Table Table Table Table 1 If this condition is satisfied by the only price premium, the premium has to be more than 0.07 DT per unit, which is equivalent to 1.27% of the real price. The value added of bricks made by the sediments may increase if they have some advantages in the physical quality. In addition, the value is also added if consumers in Tunisia have more concern for the development of water resources with low impact on the environment, for instance dredging the sediments for recovering the capacity of dams. As more concern for water scarcity, consumer evaluation on the bricks made of sediments would also increase. Increasing in the demand for such kind of bricks would induce the rise in price premium. Thus, it is implied that the labeling system to distinguish the bricks made of sediments and the publication about intensive use of sediments has to be established for the realization and for the increase in the price premium.
If the condition is satisfied by the only subsidization, the subsidization has to be more than 7.00 DT/m 3 , which is the increase of cost due to the use of sediments as a raw material. The cost of water supply by establishing a new dam is estimated at 1.24 DT/m 3 in the past report 12) . This comparison implies that it is difficult to compensate the incremental part of the cost for using sediments by only the government subsidization.
However, the cost comparison discussed above was not deterministic. The amount of subsidization depends on the conditions of the location of brick factories and on the market evaluation of bricks made of sediments. The price premium depends on the quality of the bricks and consumer evaluation for the products. Reflecting the increasing in loss of water supply capacity of dams due to the sedimentation, environmental concern and consumer evaluation would push the premium price up. It should be noted that the extraction is costly if the cost for the restoration of the extracted area is included. Hence, the major constraint for introducing sediments is a distance from dams and factories. As long as the construction of new dam is costly, the government subsidization may also become feasible. We need more detailed investigation on brick production and consumer evaluation on intensive use of sediments. 2 2 2 2) ) ) ) Characteristics Characteristics Characteristics Characteristics of of of of the the the the sediment sediment sediment sediment samples samples samples samples Fig.5 Fig.5 Fig.5 Fig.5 is the distribution of the particle size. The sediments sampled from 4dams do not contain pebble and gravel which would be the cause of cracks in firing process. They showed the similar distribution ranging from 0.5 to 50μm. Clay(<2.5μ m) contents are 27% in Joumine, 30% in Sejnane, 38% in Mellegue, 30% in Masri, respectively. Table Table Table Table 1 Table Table Table Table 2 2 2 2 Physical Physical Physical Physical property property property property of of of of the the the the sediments sediments sediments sediments
( ( ( (
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Remain of each sediment is silt(2.5-62.5μm) and none of it is categorized to sand(>62.5μm). Table Table Table Table 2 2 2 2 shows the ignition loss and bulk density. Ignition loss indicates the organic content in the sediments. It affects the strength, porosity and water absorption of the finished bricks. Comparing to the clay used in factory, the ignition loss was similar and the sediments are available for the raw material. .6 Fig.6 Fig.6 is the results of the three point bending flexural test. The load showed increases linearly following to the deflection growth, but it was depressed suddenly. Tensile yield strength was the tensile stress occurred in outer surface at midpoint of the test piece when the load was maximum. Table Table Table Table 3 3 3 3 shows the average of tensile yield strength of the test pieces made from the sediments. Comparing with the clay used in the factory, only the sediment from Mellegue dam showed the significant difference (t=0.004) and lower strength.
The other sediments gave the higher t-value than 0.05. As the comparative discussion, the sediments excepting that from Mellegue dam can be alternate to the clay for brick production.
Regarding the sediment from Mellegue dam, clay-colour (gray) part was found in the inner part of the slate after firing. That is one of the reasons for the result of the low strength. In this study, the slates were fired by the same procedure as the factory. There is a possibility that the firing would be completed with longer time and higher temperature.
Another reason for the low strength of Mellegue sediment is its mineralogical composition. For example, iron is recognised to possess good fluxing properties 13), 14) . In Fig.6 Fig.6 Fig.6 Fig.6 , the slopes of linear line between deflection and load, which indicate the elasticity, varied depending on the sediment. This difference is also due to the mineralogical composition balance. There is a possibility that the strength of the brick made from Mellegue sediment can be improved by small additives for binding the molecular. The proper firing time and temperature and mineralogical discussion for improving the strength have to be discussed in further study.
The Japanese industrial standard for brick production (JIS-R-1250) defines the standard of compressive yield stress, and water absorption. According to this, compressive strength should be higher than 15MPa. Fired bricks has 16-19 times higher compressive strength than tensile strength 15) . Therefore, the fired bricks made from the sediments might satisfy the Japanese standard. The Tunisian standard of compressive strength of construction bricks is 2.3 MPa 16) . This value is defined for the finished hollow bricks while the above Japanese standard is defined for the bricks which consist of only ceramic. Weather the sediment bricks satisfy Tunisian standard have to be discussed with the designed bricks in further study. . Therefore, even only in the 4 dams, 5.5% of total water resource potential in Tunisia was lost by sedimentation.
According to the interview to the dredging company in Tunisia, the dredging method which is suitable for the reservoirs is suction dredge and the capacity of the suction apparatus unit is 1500 m 3 /hour which includes vicinity water, 60% of total volume. Therefore, the substantial dredging capacity is 600m 3 /hour/apparatus. Here it is assumed that one apparatus is installed to each of the reservoirs and Table Table Table Table 3 how many years it takes to empty the sediment is calculated. The apparatus runs 6 hours a day. Totally, the annual capacity of 1 apparatuses is 1.31 mil. m 3 . While the dredging is continued, sedimentation would be also developed. Effective dredging capacity is determined by deducing the annual sedimentation volume from the apparatus capacity. From the effective dredging capacity and current volume of sediment, the required years to empty the sediment from the dams.
Regarding Joumine, Sejnane and Masri, the dredging periods will be 5-15 year with the 1 apparatus. However, Mellegue has so much sediment and its inflow that dredging with 1 apparatus cannot reduce the sediment.
Next, material supply potential to brick factory is estimated. The factory uses 600 ton/day of the dry clay (1000 ton/day of 40% water content) It is equivalent to 0.22 million ton/year. On the other hand, the weight of dredged sediment by one apparatus is calculated from the volume and the bulk density of the sediment. It is 0.8-1.06 million ton/year. That is to say, one apparatus can produce the amount of clay as much as the demand of 4 or 5 brick factories. In Tunisia, there are only 20 factories. Therefore, the dredging activity for 6 hours/day in one reservoir makes too much clay supply. If it is assumed that one apparatus in one reservoir supplies clay to one brick factory, working hours of dredger should be 1.2 hour/day, and working plan for dredging all should be extended to 5 times longer.
CONCLUSION CONCLUSION CONCLUSION CONCLUSION
Bending flexure test showed that the ceramics made from the sediment have enough strength for forming construction bricks. Economical evaluation based on some assumed condition gave that covering the increase of cost due to the use of sediments as a raw material only with governmental subsidization is quite difficult. Price shift is one of the alternative but the acceptable price and the balance between subsidization and price shift should be discussed in further study. Dredging have to be planed with the consideration of demand of clay in brick factories. Table. Table. Table. Table. 4 
